. Seven ambulance services contributed data to the Epistry with a capture population of 19.8 million people. All OHCA attended by ambulance, regardless of aetiology or patient age, were included. Results: In 2015, there were 19,722 OHCA cases recorded in the Aus-ROC Epistry with an overall crude incidence of 102.5 cases per 100,000 population (range: 51.0-107.7 per 100,000 population). Of all OHCA cases attended by EMS (excluding EMS-witnessed cases), bystander CPR was performed in 41% of cases (range: 36%-50%). Resuscitation was attempted (by EMS) in 48% of cases (range: 40%-68%). The crude incidence for attempted resuscitation cases was 47.6 per 100,000 population (range: 34.7-54.1 per 100,000 population). Of cases with attempted resuscitation, 28% survived the event (range: 21%-36%) and 12% survived to hospital discharge or 30 days (range: 9%-17%; data provided by five ambulance services). Conclusion: In the first results of the Aus-ROC Australian and New Zealand OHCA Epistry, significant regional variation in the incidence, characteristics and outcomes was observed. Understanding the system-level and public health drivers of this variation will assist in optimisation of the chain of survival provided to OHCA patients with the aim of improving outcomes.
Introduction
Out-of-hospital cardiac arrest (OHCA) is a global public health problem, with significant regional variation reported in the incidence and outcomes internationally [1] [2] [3] [4] [5] [6] [7] . The development of multi-centre OHCA registries has enhanced our understanding of these regional differences, by highlighting the influence of different ambulance service structures; and the patient, ambulance service and clinical factors associated with survival [8] [9] [10] . These national/international registries also contribute to quantifying the burden of OHCA [1] .
In Australia and New Zealand, many regional OHCA registries have been established, based on geographical boundaries [11] [12] [13] [14] . However, until now, there has not been the infrastructure to combine and compare these data; and therefore little attempt to ensure a consensus of definitions and standardisation of data elements. This has prevented understanding of variation in practice and outcomes within our region. Understanding such factors may provide an opportunity to improve the systems of care provided to OHCA patients. In this study, we aim to investigate regional variations in the characteristics, incidence and outcomes of OHCA in Australia and New Zealand.
Methods

Study design
This is a population-based cohort study of OHCA occurring between 01 January 2015 and 31 December 2015. Data were collected from seven ambulance services who participate in the Aus-ROC Australia and New Zealand OHCA Epistry.
Aus-ROC Australian and New Zealand OHCA Epistry
The Aus-ROC Australian and New Zealand OHCA Epistry was established with the aim of understanding regional, ambulance service and treatment factors associated with improved OHCA survival and outcomes [15] . In this study, seven ambulance services in Australia (Ambulance Victoria (AV), SA Ambulance Service (SAAS), St John Ambulance Western Australia (SJAWA), Queensland Ambulance Service (QAS) and St John Ambulance Northern Territory (SJANT)) and New Zealand (St John New Zealand (SJNZ) and Wellington Free Ambulance (WFA)) contributed data to the Epistry. Each participating ambulance service in Australia covers a whole state/territory, while SJNZ and WFA collectively cover New Zealand (WFA covers the metropolitan region of Wellington, and Wairarapa, and SJNZ cover the remainder of New Zealand) (Fig. 1) . The total catchment population was approximately 19.8 million persons, representing 64% of the Australian population and 100% of the New Zealand population. We are actively engaging with the three non-participating ambulance services (NSW Ambulance, Ambulance Tasmania and the ACT Ambulance Service) with respect to future participation in the Aus-ROC Epistry. Ethics approval was independently sought by each of the contributing registries. Over-arching ethics for the Epistry was provided by Monash University HREC (Approval No. CF12/3938-2012001888).
Description of emergency medical services (EMS)
The ambulance services participating in the Aus-ROC Epistry have been described previously [16] . Clinical management of OHCA was noted to be similar across ambulance services, and follow the 2015 Australian and New Zealand Committee on Resuscitation (ANZCOR) resuscitation guidelines which are co-badged by both the Australian Resuscitation Council (ARC) and the New Zealand Resuscitation Council (NZRC) [17, 18] . Differences were noted in the proportion of paramedics with BLS, ALS or intensive care skills training, the geographical areas serviced (Table 1) and criteria for withholding or terminating resuscitation attempts.
Inclusion criteria
All OHCA cases attended by ambulance, regardless of aetiology or patient age, were included in this study. There were 54 cases where the patient was defibrillated and achieved a return of spontaneous circulation (ROSC) prior to the arrival of EMS, which were excluded from this analysis (AV: n = 21; SAAS: n = 3; SJAWA: n = 8; QAS: n = 11; SJANT: n = 1; SJNZ: n = 10; WFA: n = 0). All deaths attended by ambulance are classified as OHCA and thus included in the Epistry. One ambulance service (Wellington Free Ambulance) provided data on only those patients that received attempted resuscitation.
Data collection
Data across all participating sites were collected in accordance with Utstein definitions [19] , although some variation in the coding of these items existed. Recoding of each variable was conducted to improve uniformity in the data collected. The primary outcome measure was 'survived event' (defined as ROSC on arrival at hospital) with 'ROSC in the prehospital setting' and 'survival to hospital discharge' or 'survival to 30 days' as key secondary outcomes. The secondary outcome of survival to hospital discharge was provided by four of the seven participating ambulance services. One ambulance service (St John New Zealand) collected survival to 30 days as their primary outcome. In this study, survival is reported as either survival to hospital discharge or survival to 30 days. The Utstein comparator group was defined as those cases that had attempted resuscitation, were bystander-witnessed and had a first recorded rhythm that was shockable [19] .
Definition of attempted resuscitation
Across six of the seven participating ambulance services, 'attempted resuscitation' was defined as any chest compressions and/or any defibrillation by EMS. One ambulance service (Wellington Free Ambulance) defined 'attempted resuscitation' as 'any purposeful initiation of CPR by paramedics' [16] .
Data analysis
Annual crude and age-standardised incidence rates (ASIRs) of all attended cases of OHCA, and annual crude incidence rates for cases of attempted resuscitation, were calculated. Annual rates were calculated using population data from the Australian Bureau of Statistics or Statistics New Zealand. ASIRs were calculated using the direct method [20] whereby annual age-specific incidence rates were calculated across 5-year age-groups using the number of OHCAs for each agegroup as numerators. Rates were standardised by 5-year age groups using the 2011 Australian standard population [21] . Age and/or sex were missing in 339 cases (1.7%). These data were assumed to be missing at random and an inflation factor (calculated as the percentage of missing data; see Supplementary material) was calculated for each ambulance service and applied to both the crude and age-standardised incidence rates. Uninflated incidence rates are provided in the Supplementary material.
Comparisons of data between ambulance services were made using the χ 2 test and the Kruskal-Wallis test as appropriate. A summary of missing data is provided in the Supplementary Material. Data analysis was performed using Stata (Version 14.2, StataCorp, College Station, TX). A p-value < 0.05 was considered statistically significant.
Results
Overall
In 2015, there were 19,722 OHCA cases recorded in the Aus-ROC Epistry; 15,129 in Australia (77%) and 4593 in New Zealand (23%). A) Note: SJANT do not service the entire Northern Territory (NT); some ambulance coverage is provided by the Department of Health. Given this, the exact geographical area that SJANT service could not be accurately quantified; the geographical area and population density reflect that of the entire region of the NT. B) Note: Wellington Free Ambulance provided data only on cases that received attempted resuscitation. C) Note: incidence calculations include an inflation factors that accounts for missing age and sex data (see Methods and Supplementary Material). D) Note: the overall crude incidence reflects all contributing regions, with the exception of Wellington Free Ambulance who provided data only on cases that received attempted resuscitation. Missing data (see Supplementary Material) was subtracted from denominators. Note: Missing data is provided in the Supplementary Material. Missing data was subtracted from denominators.
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The overall crude incidence was 102.5 per 100,000 population (range: 51.0-107.7 per 100,000 population) and the overall age-standardised incidence was 99.2 per 100,000 population (range: 71.9-105.6 per 100,000 population) ( Table 1 ). The crude incidence for Australia was 99.4 per 100,000 population and the crude incidence for New Zealand (SJNZ only) was 105.5 per 100,000 population. The median age of all OHCA cases was 66 years (interquartile range (IQR): 50-80 years), and most were male (66%) (see Supplementary material). Arrests attended by SJANT were typically younger (median age 50 years; IQR: 36-66 years), reflecting the underlying population, compared to other regions. Of all OHCA cases attended by EMS (excluding EMS-witnessed cases), 41% received bystander CPR (range: 36%-50%). However, of those cases that were witnessed by a bystander, 67% received bystander CPR. Bystander CPR rates for bystander-witnessed cases were highest in areas serviced by SJNZ (71%) and SJANT (70%).
Attempted resuscitation
Overall, resuscitation was attempted in 48% (n = 9,425) (range: 40%-68%) of all OHCA cases. The overall crude incidence of attempted resuscitation cases was 47.6 per 100,000 population (range: 34.7-54.1 per 100,000 population). Among cases with attempted resuscitation, 15% were witnessed by EMS (range: 6%-17%) and 42% were witnessed by a bystander (range: 26%-52%) ( Table 2) . A shockable rhythm was present in 28% of cases with attempted resuscitation (range: 20%-37%) and most OHCA were of a presumed cardiac aetiology (74%; range: 51%-86%). Response times for non-EMS witnessed cases varied between a median of 7.5 and 9.6 min ( Table 2) .
Outcomes
For those who received attempted resuscitation, 33% achieved ROSC in the prehospital setting, 39% were transported to hospital and 28% survived the event (had ROSC on arrival at hospital) ( Table 3 ). Significant variation in these outcomes was noted between services in this patient group; ROSC in the prehospital setting varied from 24% to 38% (p < 0.001), the proportion of patients transported to hospital varied from 28% to 65% (p < 0.001) and the proportion who survived the event varied from 21% to 36% (p < 0.001) (Fig. 2) . Of those ambulance services that collected survival to hospital discharge or survival to 30 days (n = 5), overall survival (for those patients where resuscitation was attempted) was 12%, which varied from 9% to 17% (p = 0.002) ( Table 3) .
In sub-group analyses, survival to hospital discharge or survival to 30 days (five services only) in the EMS-witnessed group was 25% (range: 19%-44%; p = 0.126) and 12% for non-EMS witnessed cases with a presumed cardiac aetiology (range: 8%-15%; p = 0.004) ( Table 4 ). Survival to hospital discharge in the Utstein comparator group was 31%, which varied from 29% to 40% (p = 0.530).
Discussion
This is the first study to report regional variation in the incidence, characteristics and outcomes of OHCA in Australia and New Zealand. In 2015, there were 19,722 OHCA cases recorded in the Aus-ROC Epistry with an overall crude incidence of 102.5 cases per 100,000 population. For all OHCA cases (excluding EMS-witnessed cases), bystander CPR was performed in 41% of cases and this ranged from 36% to 50% between regions. Overall, 48% of cases received attempted resuscitation and of these, 33% achieved ROSC in the prehospital setting, 28% survived the event and survival to hospital discharge or 30 days was 12%. Regional variation was observed in the incidence, demographics, arrest characteristics and outcomes. Specifically, ROSC in the prehospital setting varied from 24% to 38% and survival to hospital discharge varied from 9% to 17%.
Other multi-centre OHCA registries have provided significant insights into regional variation in OHCA, including the North-American Resuscitation Outcomes Consortium (ROC) [2] , the Cardiac Arrest Registry to Enhance Survival (CARES) [7] , the European Registry of Cardiac Arrest (EuReCa ONE) [6] , the Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project in England [4] , and the Pan Asian Resuscitation Outcomes Study (PAROS) [3] . However, this is the first time that regional variation in OHCA has been quantified in our region of Australia and New Zealand. We observed a crude incidence rate for Australian OHCA cases of 99.4 per 100,000 population and a crude incidence rate for New Zealand OHCA cases of 105.5 per 100,000 population. This equates to an estimated 24,373 cases of OHCA in Australia annually (using the 2017 Australian population of 24,511,800 persons) [22] and 5048 cases of OHCA in New Zealand annually (using the 2017 New Zealand population of 4,785,100) [23] . This incidence is higher than that previously reported for Europe (84.0 per 100,000 population) [6] and Japan (70.3 per 100,000 population) [5] , but similar to North America (95.7 per 100,000 population) [2] . Variation within our region was also observed with age-standardised incidence rates ranging between 71.9 and 105.6 per 100,000 population. Some of this variation may be explained by case capture and accuracies in defining the serviced population. Specifically, SJANT do not service the entire Northern Territory region, with ambulance coverage in the remaining region provided by the state's Department of Health. As a result, defining the exact population that is captured by SJANT is challenging. The lower incidence in the area serviced by SJANT is particularly surprising given that the Northern Territory has the largest proportion of Indigenous people [15] and it is known that the incidence of cardiovascular disease in Indigenous people is substantially higher than that of non-Indigenous people [24] . This regional variation may also be explained by an accompanying variation in underlying risk of OHCA; studies have demonstrated that a large proportion of regional variation in incidence can be explained through socioeconomic factors and health characteristics of the underlying population [25, 26] .
Bystander CPR is a crucial component of the 'chain of survival'; patients who receive bystander CPR are more than two times more likely to survive than those who do not receive bystander CPR [27] . In our study, 41% of all OHCA cases attended by EMS (excluding EMSwitnessed cases) received bystander CPR. This is greater than the United States (34%) [7] , but less than the 47% reported in Europe [6] . This difference may be explained by higher rates of bystander-witnessed arrests in Europe (54% vs 26%) or rates of CPR training in the populations [28] . In our study, 33% of cases that were witnessed to collapse by a bystander did not receive bystander CPR, which varied between 29% and 37%. This is despite all services using a similar dispatch system (Medical Priority Dispatch System; MPDS) and all provide pre-arrival instructions for bystander CPR over the telephone if the arrest is recognised at the point of call [16] . This demonstrates a significant area where improvements may be achieved and a number of studies are underway in some regions to understand the associated barriers and implement strategies to improve rates of bystander CPR.
Overall, 48% of OHCA cases received attempted resuscitation from EMS with an overall crude incidence of attempted resuscitation cases of 47.6 per 100,000 population. This incidence is lower than what has been previously reported for North America (56.0 per 100,000 population) [12] and England (53.2 per 100,000 population) [4] , but similar to that of Europe (49 per 100,000 population) [6] . In our study, rates of attempted resuscitation varied between 40% and 68%. Some of this variation may be explained by differences in the system responses to OHCA cases. For example, fire fighters act as first responders in Victoria [29] and cases in which fire fighters commence CPR, but resuscitation is subsequently ceased on arrival of paramedics, are counted as attempted resuscitation by EMS. Of cases with attempted resuscitation, 28% had a first monitored cardiac arrest rhythm that was shockable, and this varied from 20% to 37% between regions. In the region with the lowest rate of shockable rhythms (SJAWA), lower proportions of Table 3 Outcomes for OHCA cases that received attempted resuscitation, by ambulance service. P-values reflect comparisons across all ambulance services. EMS and bystander-witnessed cases were also observed. The region serviced by SJAWA, Western Australia, has a low population density (1.0 persons per square kilometre) [16] and this may explain, at least in part, the low rates of EMS and bystander-witnessed arrests. We have previously noted the wide variation in population density in areas serviced by ambulance services in Australia and New Zealand and the challenges that geographical remoteness place on EMS systems in providing appropriate and timely care for populations across entire states and territories [16] . For cases that had attempted resuscitation, the proportion of patients that survived the event (ROSC on hospital handover) (28%) was similar to that reported in England (26%) [4] and Europe (25%) [6] . Five services provided data on survival to hospital discharge or survival to 30 days, for which the overall rate was 12%. This is higher than the 10% in Europe [7] and the United States [7] , 8% in England [4] , and 5% in Asia [3] . Some of these differences may be explained by a more selective approach to the patients that receive attempted resuscitation in our region, which is demonstrated by the lower incidence of attempted resuscitation cases in our study compared to that of North America and England. In our study, significant variation in these outcomes was observed between ambulance services and may be partially explained by differences in definitions. For example, WFA defined attempted resuscitation as 'any purposeful initiation of CPR by paramedics', as opposed to the more inclusive definition used by other services of 'any chest compressions and/or defibrillation by EMS'. This is an important distinction as the reporting of outcomes is more favourable to WFA and this definition likely excludes patients with short resuscitation attempts, such as when futility is established shortly after the commencement of resuscitation. Within Australia and New Zealand (excluding WFA), event survival varied between 21% and 36% and survival to hospital discharge or 30 days varied between 9% and 13%. This variation is lower than that previously reported in North America, in which survival to hospital discharge varied between 1.1% and 8.1% [2] . The lower variation in our study may be explained by more homogenous and fewer EMS providers compared to North America. Additionally, our study demonstrated that survival to hospital discharge for EMS-witnessed cases varied between 19% and 25% and survival to hospital discharge in the Utstein comparator group (bystander-witnessed cases in a shockable rhythm) varied between 29% and 35%. The Utstein comparator group is considered to be a homogenous patient cohort that is often used to make comparisons between regions or to investigate changes over time. However, our results demonstrated that, even in this homogenous group, regional variation persisted. Large regional variation in survival from OHCA has been demonstrated in other international settings [2] [3] [4] [5] [6] [7] . Girotra et al. [7] investigated regional variation in survival to discharge using data from the CARES registry and demonstrated that 41% of the county-level variation in outcome could be explained by patient-level demographics, cardiac arrest characteristics and bystander response. This increased to 50% upon inclusion of county-level sociodemographic characteristics. However, this demonstrates that a significant proportion of regional variation cannot be explained by patient and arrest characteristics and may be explained by system-level factors, such as the structure of the EMS workforce. Some of this variation may also be explained by variation in receiving hospital characteristics and post-resuscitation care [30, 31] . However, we were unable to account for this variation in our study at this point. Regardless, understanding the fundamental drivers of the regional variation in outcomes observed in our study is a key component of improving survival from OHCA in Australia and New Zealand.
Strengths of the Aus-ROC Epistry include the attempted use of consistent definitions, the capture of all cases of OHCA for most services, not just those that receive attempted resuscitation from EMS, and the provision of data from only seven EMS providers. This is in contrast to the 264 EMS agencies that provided data to ROC. There is therefore less regional variation in systems, practice, data quality and case capture. Furthermore, data is provided by ambulance services that house and maintain existing OHCA registries [32] [33] [34] . All seven existing registries use multiple methods to identify OHCA cases and have in-built quality control measures [16] . However, the Aus-ROC Epistry is not without limitations. We noted varying amounts of missing data for all OHCA cases. However, there was minimal missing data for cases that had attempted resuscitation (range: 0.0% to 1.8%). As previously discussed, there were challenges with defining the capture population of SJANT and this may have impacted on incidence calculations. In this study, we excluded OHCA cases that were defibrillated and achieved ROSC prior to the arrival of EMS. We noted variation in the completeness of capturing these data between regions; and thus these figures are potentially subject to case ascertainment issues. Regardless, as the number and utilisation of public automated external defibrillators by lay people increases, the inclusion of these cases in OHCA registries will be important in reflecting the effectiveness of the system of care that is provided to OHCA patients. In this study, we reported crude outcome measures, rather than conducting multivariable analyses to account for regional variation in the underlying demographic and arrest characteristics; this analysis is planned for future work. Finally, the importance of measuring neurological outcomes and quality-of-life following OHCA is acknowledged [35] . However, only one registry participating in the Aus-ROC Epistry collects quality-of-life data (AV) and only one registry collects neurological outcomes measured using the Cerebral Performance Category (SJAWA). It is hoped that these data will become part of routine data collection in the future.
Conclusions
Significant regional variation was observed in the incidence, characteristics and outcomes of OHCA in Australia and New Zealand. Understanding the system-level and public health drivers of this variation will enable an optimisation of the delivery of care by EMS in our region with the aim of improving survival from OHCA.
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